Chaffin, ME, Berg, K, Zuniga, J, and Hanumanthu, VS. Pacing pattern in a 30-minute maximal cycling test. J Strength Cond Res 22(6): [2011][2012][2013][2014][2015][2016][2017] 2008-The purpose of this study was to investigate the pacing pattern and associated physiological effects in competitive cyclists who performed a 30-minute maximal cycling test. Measurements included oxygen uptake ( _ Vo 2 ), heart rate (HR), blood lactate concentration (BLC), rating of perceived exertion (RPE), and work rate in watts. Twelve welltrained amateur cyclists (seven men and five women) whose mean age was 32.4 6 8.6 years participated in this study. They performed a 30-minute self-paced maximal cycling test using their own performance road bike attached to a CompuTrainer Pro, which allowed the assessment of work rate (W). During the test, work rate, _ Vo 2 , and HR were measured every 30 seconds. Subjects' BLC and RPE were obtained every 5 minutes. Results indicate that no significant differences existed across three 10-minute periods for work rate, HR, or _ Vo 2. However, RPE at 30 minutes was significantly greater than RPE at 10 and 20 minutes (both p , 0.05). The RPE at 20 minutes was also greater than the RPE at 10 minutes (p , 0.01). Work rate remained relatively constant, with minimal fluctuations occurring throughout the test except for a surge during the final 30 seconds of the test. The associated _ Vo 2 was fairly constant over time, whereas HR rose linearly and gradually. It was concluded that pacing in a 30-minute maximal exercise bout performed in the laboratory in experienced cyclists varies minimally until the last 30 seconds. Knowledge of pacing strategy and the linked physiological responses may be helpful to exercise scientists in optimizing performance in the endurance athlete.
INTRODUCTION

I
n cycling, the type of pacing pattern an individual uses can affect his or her performance outcome. Several studies have indicated that even pacing throughout competitive cycling is optimal (4, 6, 11) . However, researchers have focused more on shorter distances such as 2-5 km (2, 5, 6, 8, 17) , whereas typical performance cycling competitions or individual time trials typically last 40 km in durations lasting 30-40 minutes. In individual time trial competitions, athletes race maximally against the clock, completing a preestablished distance in the shortest time possible. Time trials are a solo event, and riders are started separately (ranging from 30 seconds to 5 minutes). They are typically shorter in duration than road races and produce no drafting effect because individuals perform this event alone. Because no drafting can occur during this event, it becomes important for athletes to determine their own individual pacing strategy. Further research is needed to examine the pacing pattern in more traditional time trial distances.
Although several studies of even pacing exist in the literature, no studies to our knowledge have been performed to determine the pacing patterns and physiological effects that occur in a 30-minute maximal cycling test. The importance of analyzing individual time trial cycling performance becomes critical to understanding the wide range of varying physiological responses to different racing strategies. Ansley et al. (2) has reported that the overall pacing strategy used by experienced competitive cyclists was uneven in three consecutive 4-km time trials. This suggests that experienced cyclists may have the ability to increase their work rate at the beginning without negatively influencing their overall performance. Foster et al. (6) note that competitive cyclists, triathletes, and speed skaters used a different pacing strategy in a 5-km time trial. During the 5-km time trial, cycling velocity increased progressively throughout the first half of the ride and remained relatively constant throughout the last 2 km. In a 6-minute supramaximal cycle ergometer pacing performance study, no significant differences were found in power output, total volume of oxygen consumption ( _ Vo 2 ), or blood lactate concentration (BLC) when cyclists used a fast start, even pacing, or slow-fast pacing (1). More research using longer durations is needed to understand which pacing strategy is most effective during longer-duration cycling competitions.
We selected 30 minutes for this study because it is a frequent duration in which time trials are completed. Individual time trials are usually held for a specified course of fixed distance, with 15 or 25 miles being common (3) . A middle-distance time trial of 12-15 miles is typically completed in around 30 minutes.
Thus, the purpose of this study was to investigate the pacing pattern and physiological effects in a group of competitive cyclists who performed a 30-minute maximal cycling test. It was hypothesized that an increase in work rate would occur at the beginning, followed by a decrease and leveling off of work rate and an all-out surge at the end. Measurements included _ Vo 2 , heart rate (HR), BLC, rating of perceived exertion (RPE), and work rate in watts. To obtain a better analysis of the pacing strategy, variables were measured frequently throughout the 30-minute maximal test. Wattage was measured every 30 seconds so that pacing pattern could be studied in detail.
METHODS
Experimental Approach to the Problem
The purpose of this study was to examine the physiological effects of pacing strategies in competitive cyclists during a 30-minute maximal cycling test. Highly trained competitive cyclists performed a 30-minute maximal cycling test on a performance road bike attached to a CompuTrainer. Each subject was instructed to complete the 30-minute maximal test as vigorously as possible, as if they were competing. During the maximal test, wattage was measured every 30 seconds using a CompuTrainer. Subjects' _ Vo 2 and HR were also measured and recorded every 30 seconds. Blood lactate was measured in 5-minute increments as well as before the test and at 3 minutes after completion of the test. Rating of perceived exertion was obtained every 5 minutes. Repeated-measures one-way ANOVAs were used to compare mean values across 10-minute time periods.
Subjects
Twelve well-trained amateur competitive cyclists (seven men and five women) participated in this study. Characteristics of the subjects (6 SD) can be found in In addition to cycling training, all of the subjects included resistance two to three times per week in their overall regimens. Data collection for this study occurred in January and February. During this time, the cyclists focused on increasing their frequency and duration of riding. For the cyclists in this particular study, the season begins at the end of April. All procedures were approved by the institutional review board for human subjects, and participants signed an informed content before inclusion in the study.
Procedures
Subjects performed a submaximal, individualized 20-minute warm-up as if they were preparing for competition. Then, a 30-minute self-paced maximal test was performed, with subjects using their own bikes attached to a CompuTrainer Pro (RacerMate Inc., Seattle, Wash), which measured work rate. Subjects were able to monitor their own HR and wattage via a computer, which was mounted to the handlebars. Furthermore, no verbal encouragement was provided that could possibly interfere with an individual's pacing effort.
The CompuTrainer Pro was used to measure power (W) every 30 seconds. Expired air was measured every 30 seconds using a SensorMedics Series Vmax metabolic cart (Yorba Linda, Calif ). Heart rate was measured and recorded every 30 seconds using a Polar Vantage Heart Rate Monitor (Polar Electro Inc., Kempele, Finland). Subjects were instructed to give their RPE every 5 minutes using the Borg 6-20 RPE scale (4). The RPE scale was explained before the warm-up, and subjects were asked to give their perceived rating every other minute during the warm-up to familiarize them with the procedure. An Accusport blood lactate analyzer (model 1488767, Boehringer Mannheim Corporation, Indianapolis, Ind) was used to measure each subject's BLC every 5 minutes and postexercise. To obtain a blood lactate sample uncontaminated with sweat, a sterilized lancet was used; the first drop of blood was wiped off, and the second was used for analysis. Each subject's percent body fat was estimated for descriptive purposes using Harpenden skinfold calipers (model 68875, Harpenden Skinfold Caliper, Baty International RH15 9LB, England). Body density was calculated using the Jackson--Pollock-Ward equation (10) for women and Jackson-Pollock equation (9) for men. Skinfold sites included the chest, abdomen, and thigh and the tricep, thigh, and suprailium for men and women, respectively. Percent body fat was then calculated using the formula established by Siri (14) .
Statistical Analyses
Descriptive statistics including mean, SD, and range were used for comparisons of each physiological measurement across 10-minute periods obtained during the 30-minute maximal cycling test. Repeated-measures one-way ANOVAs were used to compare mean values across 10-minute time periods. Independent t-tests of HR, RPE, and blood lactate were used to compare men's and women's values at 15 minutes. An alpha level of # 0.05 was used for all variable comparisons.
RESULTS
The purpose of this study was to describe the pacing pattern and physiological responses to a 30-minute maximal cycling test. The pacing pattern in the 30-minute maximal test is depicted in the work rate (W) for every 30-second period of the test in Figure 1 . There were no significant differences in mean wattage during the 10-minute segments of the 30-minute test. However, there was a large increase in power during the final 30 seconds in the last 10-minute period of the test.
A summary of mean (6 SD) values for watts, _ Vo 2 , HR, blood lactate, and RPE during the 30-minute maximal cycling test can be found in Table 2 . A summary of mean values for all variables during each 10-minute segment of the 30-minute test for all 12 subjects is displayed in Table 3 .
The _ Vo 2 response (Figure 2) to the subjects' self-selected work rate resulted in fairly constant values throughout the test. There was no significant difference in _ Vo 2 across the 10-minute segments. However, there was a small decrease in oxygen uptake that occurred approximately 14 minutes into the test that lasted for the remainder of the test. Thereafter, _ Vo 2 was fairly constant until the end of the exercise bout. The HR response (Figure 3 ) rose at a nearly constant rate throughout the test. However, there were no significant differences in HR across time. The mean HR values at 15 minutes of 170.7 6 9.8 and 170.2 6 11.3 for men and women, respectively, were not significantly different.
The BLC throughout the test is presented in Figure 4 . There was a rise from resting to the first sample taken at 5 minutes. There was a continuous rise for the first 15 minutes, followed by a leveling off from minutes 15 to 25. At minute 30, there was a slight increase in the concentration. The change in BLC across 10-minute periods indicated a trend for men and women, respectively, were not significantly different. Ratings of perceived exertion rose steadily during the 30 minutes ( Figure 5 ). At 30 minutes, RPE was significantly greater than RPE at 10 and 20 minutes (both p , 0.05). The RPE at 20 minutes was also greater than the RPE at 10 minutes (p , 0.01). The mean RPE values at 15 minutes of 15.4 6 1.6 and 16.3 6 1.3 for men and women, respectively, were not significantly different.
DISCUSSION
The overall results demonstrate that the competitive cyclists in this study selected a pacing strategy in which work rate quickly rises to a point where it remains fairly constant and can be maintained until the end of the exercise bout. There was a surge in work rate during the final minute of the test. As shown in Figure 1 , the mean wattage at 28:30 minutes was 229.2 W, and it was 294.2 W at 30 minutes-a 28.4% increase. The _ Vo 2 remained fairly constant for the first 10-minute period, followed by a minor decline in the second 10-minute period of the test. Heart rate rose rapidly at the beginning of the test, followed by a gradual rise until the finish. Subjects' BLC values increased progressively for the first 10-minute period, followed by a plateau of similar values in the second 10-minute period and a slight rise at the finish. Ratings of perceived exertion ascended at a steady rate throughout the entire test. There was no significant difference found during any of the three 10-minute time periods for wattage. Wattage remained relatively constant, with minimal fluctuations occurring throughout the test. Figure 1 depicts that an approximately 10-W variation occurred minute to minute across the 30-minute test. Foster et al. (6) has reported this minimal variation in a similar study. These small but continuous fluctuations throughout the 30 minutes support the existence of teleoanticipation in endurance performance. Ulmer (16) defines teleoanticipation as the ''resetting'' of the power output and suggests that these small adjustments in power output occur to prevent cellular damage during intense exercise. Ulmer contends that the decrease in intensity allows an athlete to continue the exercise bout without any possible risks of organ damage (16) . St Clair Gibson et al. (15) have explained that afferent signals supply the brain information about motion, force output, muscle metabolic rate, and core temperature changes associated with the chosen work rate during an exercise bout. This information allows an athlete to continuously adjust his or her work rate to the appropriate level.
In our study, a ''surge'' in work rate occurred in the final 30 seconds of the test. Others have shown that at approximately 90% completion of a prolonged task, work pace accelerates until completion of the task. This pattern has been found in large and small motor tasks (15) . Figure 1 shows that the surge in the present study occurred well after 90% of the exercise bout was achieved.
Competitive cyclists in the study by Foster et al. (8) that used an even-paced start in a 2-km time trial produced the fastest total times. This evenpaced strategy is similar to our finding, with the exception of a surge in work rate at the end of our test. In the Foster et al. study, nine well-trained cyclists performed five separate time trials with a variation in starting pace (very slow, slow, even, fast, very fast). There were no significant differences in peak _ Vo 2 during the trials or in the pattern of O 2 uptake kinetics in relation to pacing strategy. They conclude that a fast early pace leading to early fatigue might produce a competitively significant slowdown and result in slower overall times (8) .
Other studies, shorter than the 30 minutes used in the present study, have demonstrated a different work rate or pacing pattern. Ansley et al. (2) report that power output declined significantly after the first 60 seconds, reached a plateau, and then rose at the completion of three consecutive 4-km time trials. Foster et al. (6) found different results when examining various physiological responses during a simulated cycling competition involving speed skaters, cyclists, and triathletes. The subjects completed a 5-km time trial on a racing cycle attached to a windload simulator, which allowed the velocity pattern to simulate real-life competition. In the 5-km time trial, velocity increased gradually throughout the first half of the ride and remained relatively constant throughout the last 2 km. A wide variation in pacing strategies occurred in this study. Some subjects were conservative at the start and accelerated later in the test, whereas others demonstrated even pacing throughout or slowing during the last kilometer (6) .
There were no significant differences found in _ Vo 2 or HR across time. Subjects' _ Vo 2 values increased rapidly within the first minute and continued to remain at similar levels in the first 10-minute period. There was a slight decline in values from the second period until the finish. Heart rate quickly increased within the first minute and continued to rise at a steady rate throughout the test, illustrating the cardiovascular drift phenomenon (12) . Likewise, Foster et al. (6) found that HR rose at a constant rate during a 5-km time trial. Heart rate increased during the first kilometer of the ride and then continued to increase throughout the ride. In their study, _ Vo 2 increased rapidly during the first kilometer and continued to increase throughout the ride (6). These subjects were able to sustain near-maximal levels of _ Vo 2 for the duration of the 5-km time trial. Previous studies have proposed that near-maximal values of _ Vo 2 could be sustained for 7-10 minutes in athletes (11, 13) . In our study, _ Vo 2 rose rapidly and continued to remain fairly constant. However, in the second 10-minute period there was a slight decline in oxygen uptake, perhaps because of the longer exercise duration-30 minutes-in our study. Subjects may have perceived that completion of the 30-minute exercise bout was questionable at the work rate used during the first 10-minute period and therefore slowed their pace. Subjects' BLC values rose steadily but nonsignificantly across the three 10-minute periods during the 30-minute cycling test, and the rise for BLC indicated a trend (p = 0.087). Foster et al. (6) also has noted a steady increase in BLC values during the 5-km test with a greater relative increase in BLC during the last kilometer. Foster et al. (7) developed a peripheral monitoring theory to explain this phenomenon, which states that a component of the pacing strategy is to complete exercise with specific terminal plasma lactate concentrations. They propose that athletes learn to sense their intramuscular pH levels and adjust their workloads to avoid critically low muscle pH levels. Foster et al. (8) did not observe a pattern of blood lactate accumulation that would explain the better performance in the even-paced time trial. The RPE pattern during our 30-minute maximal test was essentially linear. Ratings of perceived exertion in the third 10-minute segment were significantly greater than the RPEs at the 10-and 20-minute segments. This rise in RPE occurred despite the fact that work rate was reduced somewhat in the second half of the 30-minute test. The seeming paradox can, perhaps, be explained by the progressive rise in BLC throughout the test.
A limitation to the study is that it was conducted in a laboratory setting and without the influence of other competitors. This may limit the findings to only time trials as they are performed on an individual basis with limited contact with other cyclists. We would hypothesize that pace might be quite different while competing in a road race with other cyclists, where drafting and position in relation to other cyclists affect pace. The relative consistency of pacing in our cyclists suggests that even pacing pattern in time trials tends to be the preferred pacing strategy, possibly based on efficiency. The ''kick'' that typifies nearly all cycling races probably reflects the perception that further fatigue during a short period can be tolerated.
It was concluded that pacing in a 30-minute maximal exercise bout in experienced cyclists varies minimally until the last 30 seconds. The associated _ Vo 2 is also fairly constant over time, whereas HR rises linearly and gradually. There was a steady rise in BLC and RPE throughout the test. Additional research seems to be warranted to further examine different pacing strategies in middle-to long-distance time trials. Knowledge of pacing strategy and the linked physiological responses may be helpful to exercise scientists in optimizing performance in endurance athletes.
PRACTICAL APPLICATIONS
The results of this study may help coaches and exercise scientists understand the pacing strategies employed by competitive cyclists under time trial conditions. These findings may be used to help enhance training programs that are focused on improving time trial performance. There were no significant differences found in power output (W), _ Vo 2 , HR, or BLC across the three 10-minute periods. Ratings of perceived exertion increased significantly in the three 10-minute periods. The evidence from this study suggests that even pacing is optimal in time trials lasting approximately 30 minutes. Performance in time trials might be optimized by relatively constant pace. This strategy may be used to minimize fatigue. It may also allow the athlete to ''kick'' at the end of the race. However, because others report that an even-pace strategy is not necessarily ideal, it may be desirable for cyclists to experiment with pacing strategy to determine what is optimal for them. The steady increase in HR while exerting at constant or reduced work rates attributable to cardiovascular drift suggests that athletes who monitor HR as a guide to exercise intensity should be aware of this phenomenon and take it into account during training.
